This symposium has been fascinating in its explorations of our roots --the principles of the foundation of chemistry and the individuals who devel- Compared to present-day students, I was rather naive about graduate schools.
Lewis Theory--Surprising Developments dent's research.
I think I must have given a seminar each semester. 'Ihis emphasis on a broad development goes back to G. N. Lewis' definition of physical chemistry -"anything that is interesting," -and for him included economics, meterology, anthropology, etc. William F. Giauque told a story at his retirement dinner that illustrates the emphasis on breadth of preparation.
He described how he made the round of the Department each week to follow the research progress of every graduate student. 'Ihis emphasis upon a broad preparation made a strong impression upon me. When students come to me for advice on which directions to pursue, I point to a mobile in my office with six hands pointing in different directions. I point out that surprises in science arise frequently enough so that one should have a broad background to be able to take advantage of new unexpected directions. Although my first research started in organic chemistry with Lucas and I did my thesis work under Professor Axel R. Olson on the effect of electrolytes upon the rates of aqueous reactions, I have since worked in the fields of ceramics, spectroscopy, astrochemistry, and metallurgy, as well as the general field of high temperature chemistry. Looking back, I realize that I could never have anticipated the directions that I would pursue, and I never regret the extra effort to prepare myself broadly.
The concepts of electron pair bonds, and the Generalized Lewis-Acid-Base theory were so well developed at Berkeley that it came as a surprise to me to find out later that these ideas were not immediately accepted. Particularly, the acceptance of the generalized acid-base concept was much delayed. William Jensen is discussing in his talk some of the problems. that Lewis' ideas encountered, and covers in his recent book (1) the impact of the acid-base theory. MY introduction to a surprising application of Lewis' acid-base concepts first arose in the Manhattan Project. When I had completed my thesis in December 1942, Professor Wendell M. Latimer approached me about working on an important secret government project. I agreed and he told me about the discovery of plutonium and the need to be prepared to handle and fabricate the metal before macroscopic amounts were available.
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In this project, I warked with Professor E. D-. Eastman as well as Professor Latimer, and with LeRoy Bromley, Norman Lofgren, and Paul Gilles. It was quite a jump from organic chemistry to the metallurgy of plutonium. 'lb be sure that plutonium metal could be cast and fabricated and still maintain the desired purity, we concluded that a yet undiscovered compound ces could provide a crucible material that would be resistant to attack by strongly electropositive metals. We were able to prepare the compound and fabricate crucibles that were highly resistant to attack by metals. The alkali and alkaline earth metals could be distilled from the crucibles without attack. However, one day when we wanted to calibrate our optical pyrometer against the melting point of platinum, we used a cerium sulfide crucible. The platinum chewed up the crucible. We found (2) that the platinum had reacted with the OeS crucible to form 0! 3 s 4 and GePt 2 • We had characterized the thermodynamic stabilities of OeS and ce 3 s 4 , and · the GePt 2 compound would need an extraordinary stability for such a reaction to proceed.
We had also been working on an apparatus for the analytical determination of oxygen impurities in actinide metals by the vacuum fusion method, which involved dropping an uranium sample into a molten iron bath in a graphite crucible and measuring the evolved carbon monoxide. We had difficulty due to the volatility of uranium, which acted as a getter for the carbon monoxide.
In recognition of the capacity of platinum to reduce the thermodynamic activity of lanthanides and actinides, we replaced the iron by platinum. The vapor pressure of uranium was so greatly reduced that we had no more trouble.
In the late forties, the Danish scientist Niels Engel spent a sabbatical at Berkeley and introduced me to his theory (3) of metallic bonding, which was a combination of Lewis' electron bonding model as used by Linus Pauling ( 4) for metals with the relationship between electronic configuration and crystal The strength of the interaction depends upon the degree of localization of the d orbitals. As nuclear charge is increased from cr to W, for example, the increased nuclear charge has a greater effect upon the closed Ss,p electrons than upon the Sd electrons because of the greater penetration to the nucleus of the s and p electrons. Thus in going from cr to W, the d orbitals become much more exposed, resulting in a much higher enthalpy of sublimation for W than for Cr. Also, as one moves from left to right in the Periodic Ni, some of the orbitals are sufficiently contracted that they can ~ontain unpaired electrons whose interaction with ajoining atoms is so reduced that they remain unpaired and magnetic as in the free gas. Thus ferromagnetism is found for some of the 3d metals but for none of the 4d or Sd metals, for which the orbitals are sufficiently expanded to prpvide bonding interaction. However, the 4f orbitals are sufficiently localized to yield magnetic lanthanide metals. The Sf orbitals are sufficiently expanded so that magnetism does not occur until the heavier actinides. As the strength of acid-base interactions using the d orbitals will depend upon the degree of localization, there should be substantial changes from the 3d to 5d metals. On this· basis of being contrary to the classical electronegativity concept, they reject the Lewis acid-base model. However they did not carefully ,)
read Pauling's account of the role of electronegativi ty under such circumstances. In his discussion (4) of the interaction of Ga with As, or A1 with P to form the tetrahedral structure consistent with the sp 3 configuration, he remarks: "It is interesting that this effect involves the transfer of electrons to the more electropositive atoms (the stronger metals); that is, in the opposite direction to the transfer of electrons that takes place in the formation of ions in electrolytic solutions."
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In the formation of Cr( co) 6 from acidic Cr and basic ro, it is understood that the actual charge on the Cr does not correspond to the formal charge of minus six.
The red~ction of charge is described in terms of backbonding through higher orbitals.
In the U-Pd interactio·n, the sharing of palladium electron pairs between the uranium and palladium nuclei tiD.lSt result in a movement of other bonding electrons away from the uranium interacting with a palladium. The important aspect of acid-base interactions in metallic systems is that electrons are not free to occupy all parts of physical space. 
